. The current sheet also forms a seasonal bowl shape [Arridge et al., 2008a] and 48 also displays random movements associated with single waveforms travelling along the sheet 49 [Martin & Arridge, 2017] . These waves are solitary movements which kink the sheet as they 50 travel. Some local time dependence of the thickness of the current sheet can be attributed to 51 the magnetic field being more dipolar through noon or due to ambipolar magnetic fields [e.g.
52 Krupp et al., 1999; Kellett et al., 2009; Arridge et al., 2015; Martin & Arridge, 2017] . 53 The current sheet is also thought to vary in thickness due to oscillations near the plan-54 etary rotation rate [Thomsen et al., 2016] . However, it is commonly assumed that the current 55 density peaks at the centre of the current sheet and that the current sheet magnetic field ex-56 hibits Harris-like behaviour where the magnetic field increases as a hyperbolic tangent func-57 tion away from the centre, and the current density decreases exponentially away from the 58 centre. Whilst this assumption is necessary for a number of analysis techniques, it might fail. 59 In this study we will test whether the assumption of a Harris-like current sheet at Saturn is a 60 discriminative or restrictive assumption to make. Throughout, we refer to 'Harris-like' cur-61 rent sheets, this refers to a current sheet in which the current density peaks where the mag-62 netic field passes through one minimum and is not necessarily a strictly Harris current profile 63 [Harris, 1962] . 64 Bifurcation, or splitting of the current into two maxima of current that do not lie at 65 the expected current sheet centre, is a common occurrence in Earth's magnetotail. First ob-66 served by Hoshino et al. [1996] using single spacecraft measurements and by Runov et al. 67 [2003a] using the Cluster mission. Around 25% of all current sheets encounters exhibit bi-68 furcated behaviour [Thompson et al., 2006] . A dependance on the magnitude of V x (velocity 69 along Earth-Sun line) in the tail is found by Asano et al. [2005] , where up to 50% of 'fast' 70 events, and around 10% of 'not-fast' events show bifurcations. A number of authors show, 71 with spacecraft data and models of the current sheet, that bifurcation in the tail current sheet 72 is a precursor to, or a result of reconnection occurring [e.g. Hoshino et al., 1996; Nakamura 73 et al., 2002; Thompson et al., 2006; Birn & Hesse, 2014] . More recently, bifurcation of the 74 -3-Confidential manuscript submitted to JGR-Space Physics current sheet has been linked to substorm onset and an increase in current density in the tail 75 current sheet [Saito, 2015] . 76 Models have shown that a bifurcated current sheet can be caused by a number of in-77 stabilities [Ricci et al., 2004; Camporeale & Lapenta, 2005; Génot et al. , 2005; Matsui & 78 Daughton, 2008; Zelenyi et al., 2002 Zelenyi et al., , 2003 Delcourt et al., 2006] such as the lower hybrid 79 drift instability, and Kelvin-Helmholtz instabilities. These instabilities may be related to in-80 creased reconnection [Runov et al., 2003b; Mok et al., 2006] and flapping motions of the 81 current sheet [Sitnov et al., 2004; Runov et al., 2003a] .
82
Perpendicular anisotropies in the ion temperature have been shown to form bifurcated 83 current sheets in models and in Cluster observations of the terrestrial magnetic field and 84 plasma [Sitnov et al., 2003 [Sitnov et al., , 2004 Israelevich & Ershkovich, 2008] . Dalena et al. [2010] 85 specifically focused on the role of oxygen ions in these anisotropies that may also cause in-86 stabilities and hence, bifurcation. Simulations have shown that bifurcations can be formed 87 by perturbations in the dipole field [Sitnov & Merkin, 2016] . Altogether, we can assume that 88 the bifurcation of the current sheet at Earth is linked to an unstable current sheet caused by a 89 number of the above described processes.
90
At Earth, most studies make use of Cluster 4-point measurements to determine current 91 density, however, at Jupiter and Saturn single space craft measurements and other methods 92 must be used. Bifurcated current sheets at Jupiter have previously been investigated using the 93 full time derivative of the magnetic field component perpendicular to both the direction of 94 current flow and the current sheet normal [Hoshino et al., 1996; Israelevich & Ershkovich, 95 2006] . Several examples of bifurcated sheets were found using Voyager-2 and Galileo mag-96 netometer data [Israelevich & Ershkovich, 2008] . The authors concluded that the bifurcation 97 is due to an ion pressure anisotropy perpendicular to the magnetic field. The total number of 98 bifurcated sheets detected is very small compared to the total number of current sheet cross- 99 ings, suggesting that this is a very rare phenomenon at Jupiter. The difference in the bifur-100 cated and non-bifurcated ratio between Earth's tail current sheet and Jupiter's current sheet 101 is likely caused by the different ion distribution functions, initially due to the differing pro-102 cesses of plasma transport that create the plasma sheet [Israelevich & Ershkovich, 2008] .
103
To investigate the proportion of bifurcated sheets at Saturn, we utilise the aperiodic 104 wave structures [Martin & Arridge, 2017] that cause Cassini to encounter the current sheet.
105
The overall flapping motion of Jupiter's magnetosphere, due to the offset of the magnetic 106 -4-Confidential manuscript submitted to JGR-Space Physics axis from the rotational axis, allows for periodic sampling of the current sheet at Jupiter.
107
This process does not occur at Saturn due to a near alignment of the magnetic and rotational 108 axes [Acuña & Ness, 1980; Smith et al., 1980; Dougherty et al., 2018] , and so we do not get 109 constant periodic sampling of the current sheet. We note that the planetary period oscilla-110 tions allow for current sheet flapping [Arridge et al., 2011; Provan et al., 2012] , however this 111 does not frequently result in the sampling of both lobes but acts instead to move the current 112 sheet towards and away from Cassini without a direct encounter.
113
The aperiodic waves are detected using Cassini magnetometer data [Dougherty et al., 114 2004], and appear as a traversal from one lobe to the other and back again to the original 115 lobe. We consider waves that have a period of less than the global flapping waves (most 116 waves have time periods of from 1-30 minutes), are non-repeating (solitary) and have a de-117 flection in the radial magnetic field of over 1 nT. The waves kink the field as they travel in 118 a predominantly outward radial direction. All events occur planet-ward inside of the mag-119 netopause boundary, which is found by manual examination of the magnetic field data. The 120 magnetic field magnitude and direction describe the regime in which Cassini resides, and 121 hence a boundary between two regimes can be established by examining the changes in these 122 parameters, i.e. the magnetosheath generally has a smaller magnitude than the current sheet the normal to the current sheet which is done using a number of methods. We first find a nor-140 mal using minimum variance analysis (MVA), where we can use single spacecraft data to 141 estimate the direction of minimum variance which is the normal to an approximately one-142 dimensional current layer [Sonnerup & Cahill, 1967] .
143
-5-Confidential manuscript submitted to JGR-Space Physics However, if the variance ellipsoid (a 3-dimensional representation of the variance of 144 the data in space) is degenerate such that we cannot separate the minimum and intermediate 145 eigenvectors, then the uncertainty of the normal placement is high. In such cases, we then 146 use a second method of finding the normal to reduce the uncertainty in the normal direc-147 tion. This second method, the coplanarity method, calculates the difference in northern and 148 southern lobe fields (∆B B B) and the cross product of the northern lobe magnetic field and the 149 southern lobe magnetic field,
As both of these vector products are in the plane of 150 the current sheet, the cross product
will be in the normal direction of the 151 current sheet.
152
We initially use MVA to determine the normal direction as the uncertainties ascer-153 tained using a bootstrapping method are on average much smaller than the uncertainties 154 found when using the coplanarity method, under the assumption that the minimum and inter- Once we have the normal direction, we can establish the angles needed to rotate the 165 magnetic field into the new (A,B,C) co-ordinate system described above. These angles (α, β, γ) 166 give the angles in three planes of the normal from the radial direction for α and β, and from 167 the φ direction for γ. Hence, we now have our new co-ordinate system ordered by the current 168 sheet of Saturn. 169 We focus now on the magnetic field inâ â a, or B a . B a is not only time dependent but also 170 dependent on the position of the current sheet B a (t) ≈ B a (c(t)) and hence the full derivative 171 is:
For an aperiodic wave we find that dc dt will equal zero over the course of one wave, assum-173 ing the current sheet returns to its original position and the spacecraft does not move during 174 -6- To test whether we find a bifurcated, Harris-like or unclassified current density profile, This method of fitting variables is useful to find the interconnectivity of the variable 225 themselves. We may find a dependence of one variable on another, and if this is found then 226 the model must be updated or revised to remove this dependance. In this study, the majority 227 of events lead to the conclusion that the variables fitted are independent of each other, and 228 any case of strong dependence is removed from further analysis. tribution from the Bayesian inference algorithm described in the previous section. Figure 3   241 shows an example of a bifurcated current sheet. Figure 4 shows an example of an unclassi-242 fied/ambiguous profile. at lower velocities (<300 km/s) the distribution of Harris-like sheets to bifurcated sheets is 300 much lower at 90% /10% -a ratio nearer to the values found in this study.
301
A general consensus on bifurcated current sheets at Earth is that they are caused by a 302 perturbation or instability of the current sheet. One example is tail reconnection occurring Pressure anisotropies are also found in the nightside current sheet at Jupiter, showing that 316 the pressure parallel to the field was greater than the pressure perpendicular during the Voy-317 ager 1 and 2 flybys [Paranicas et al., 1991] . However, at present, the plasma instabilities and 318 anisotropies are not fully understood at the outer planets and as such, a definitive conclusion 319 for the sources for the bifurcation cannot be made.
320
-10- in the current sheet sheet may inhibit the kinking of the current sheet during the passage of 338 a wave, and so would limit the amplitude of the wave. Additionally, passage of an aperiodic 339 wave may modify the current sheet to encourage or inhibit reconnection through changes in 340 the stress balance. We have insufficient information of the role of these processes at Saturn to 341 definitively identify the process and its impact on both aperiodic waves and bifurcation.
342
Future observational work should focus on attempting to identify correlations of bi-343 furcated current sheets with faster flows/reconnection events at Saturn, and studying the 344 plasma/energetic particle differences between Harris-like and bifurcated current sheets.
345
More detailed surveys of the jovian system should also be carried out to statistically deter-346 mine the prevalence of bifurcated current sheets at Jupiter. There is also theoretical and sim-347 ulation work that can be done to examine the generation of bifurcations for conditions com- 
